For reliable control of hypertension, it is essential to know the prevalence of the white coat effect (WCE), which is defined as either a difference of 10 mmHg or more in systolic blood pressure (BP) and/or a difference of 5 mmHg or more in diastolic BP measured by a general practitioner (GP), a nurse, or the patient him/ herself. The objective was to assess the WCE in hypertensive patients visiting GPs in primary healthcare centres. A blinded, randomised study in six primary healthcare centres was conducted, where eight GPs, nine nurses and 210 patients (92 men and 118 women) on a hypertension control regimen participated. Heart rate and BP in GPs', nurses' and self-service rooms were measured twice using a sphygmomanometer and an automatic device. Altogether, 148 patients (70%) performed the self-measurements of BP and heart rate perfectly successfully in all the three rooms. These were included in the final analyses. One out of three patients (33%) showed a marked alerting WCE in the GP's room (systolic BP rose by at least 10 mmHg and/or diastolic BP by at least 5 mmHg). On the contrary, one out of 10 (10%) showed a marked relaxing WCE in the GP's room (systolic BP decreased by at least 10 mmHg and/or diastolic BP by at least 5 mmHg). It can be concluded that the WCE in general practice has two faces: an alerting reaction and a relaxing reaction. This should be taken into account in hypertension control.
Introduction
The standard measurement of blood pressure (BP) in a clinical environment may trigger an alerting reaction and a rise of pressure in the patient. 1, 2 This phenomenon is called the 'white coat effect' (WCE) or 'alarm reaction' or 'alerting reaction'. Mancia et al demonstrated that the entry of a physician into the patient's room raises the patient's systolic BP by an average of 20 mmHg and diastolic pressure by 10 mmHG. The maximal rise takes place 1-4 min after the doctor's arrival and usually persists for more than 10 min. It has been shown later that this phenomenon is also true about nurses and that it gradually disappears after the patient has met the nurse or doctor several times. 2, 3 Remarkable between-physician differences in the BP of hypertensive patients have been reported from a hypertension clinic. Furthermore, the nursephysician difference was À6 mmHg for systolic and À8 mmHg for diastolic BP. 4 In a study where one doctor measured the patients' blood pressure both in a primary health centre and at a hospital, the hospital readings exceeded by 9.4/6.0 mmHg (systolic and diastolic BP) the health centre readings. 5 Thus, the BP of hypertensive patients seems to vary depending on the environment and the measurer.
To find out if the WCE is also manifested in primary care settings, where the patients, nurses and doctors are familiar with each other, we established a project by providing six local health centres with facilities for self-BP measurement. The aim of our study was to assess the extent to which the BP and heart rate of patients vary between doctors', nurses' and self-service rooms.
Study design, subjects and methods
Eight general practitioners (GPs) (four men and four women) and nine nurses (one man and eight women) participated in the study in six health centres. Before the study, they were all trained carefully in Kuopio University to perform BP measurements using both a mercury sphygmomanometer and an automatic device. All the manometers and automatic devices were controlled for quality. The inter-measurer reliability of the GPnurse pairs was ensured using double stethoscopes and repeated series of measurements. The audiograms of all GPs and nurses were evaluated. BP was measured from the left arm according to international standards. 6 The appearance of the Korotkoff I phase was recorded as the systolic pressure and the disappearance of the sounds (phase V) as the diastolic pressure. All readings were recorded with a precision of 2 mmHg. The size of the inflatable cuff was 13 Â 42 cm
2 . An Omron IC TM device was used as the automatic device. According to the manufacturer, the measuring algorithm of the device is the same as in the Omron HEM 705 device, which has been clinically validated. 7 To eliminate possible measurer-dependent errors and manipulation of the readings, the screens of the devices were disabled by the distributer, so that neither the GP or the nurse nor the patient could see the readings, which were retrieved and printed afterwards from the memories of the devices on the research documents.
Patients with arrhythmia were excluded because an oscillometric automatic device was used. Patients with problems in cooperation were also excluded. During a visit to the health centre, the patient's BP was measured in the GP's, nurse's and self-service rooms. There were six possible measuring paths available for the patients, who were allocated randomly to these paths ( Figure 1 ). Each patient went through only one path.
In the GP's room, the doctor recorded the antihypertensive treatment, other medication and compliance. The GP measured the patient's heart rate and BP twice using a mercury sphygmomanometer and twice with an automatic device. After that, the patient measured his/her BP twice using the automatic device. The means of the measurements were presented as the results.
In the nurse's room, the nurse measured the patient's height and his/her waist, hip and upper arm circumference to a precision of 1 cm and recorded his/her body weight to a precision of 0.2 kg. The nurse measured the patient's heart rate and BP twice using a mercury sphygmomanometer and twice with an automatic device. After that, the patient measured his/her BP twice using the automatic device. The means of the measurements were used as the results.
In the self-service room, the nurse first demonstrated to the patient the proper measuring technique. Clear and simple written instructions were also available in every self-service room for automatic BP self-monitoring. After ensuring that the patient had learnt the proper technique, the nurse left the patient alone. After that, the patient measured his/her BP twice using the automatic device.
The study took place in 1999. In the analyses, the statistical software package SPSS-PC was used.
Result
Altogether, 210 patients (92 men and 118 women) on a hypertension control regimen participated in the study. Of them, 155 (74%) had antihypertensive medication. One out of five (22%) was under 50 years old, 56% were 50-69 years old, and 22% were 70 years or older.
The criteria for successful measurement with both the mercury sphygmomanometer and the automatic device were two complete readings for both systolic and diastolic BP. Because the screen of the automatic device was disabled, neither the GP or the nurse nor the patient knew if the measurement was successful or not.
The mercury sphygmomanometer readings were 100% complete. Of the theoretical maximum of 4200 automatic device readings, 114 (2.7%) failed totally, ie, neither the first nor the second set of systolic and diastolic readings had been saved in the memory. Most (79%) of these failures had been carried out by the patients. In total, 18 patients were excluded from the final material because of such failure. The 'success rate' of the GPs and nurses with the automatic device was 96% and that of the patients 85%. Because of the incomplete automatic BP data, an additional 44 patients were excluded from further reliability analyses. Thus, the final study group consisted of 148 patients with complete data of seven double BP and heart rate measurements.
The demographic, anthropometric, BP and heart rate data of the final study subjects are presented in the Table 1 . Of them 70% had antihypertensive treatment, 57% of whom were on monotherapy and 43% on combination therapy. Of the drug-treated patients, 42% used beta blockers, 40% ACE inhibitors, 34% calcium channel blockers, and 17% diuretics.
The mean difference between the sphygmomanometer readings in the GPs' and nurses' rooms was 
.2).
The mean of the six systolic BP measurements, (two measurements with a sphygmomanometer and four with an automatic device) was at least 10 mmHg higher in the GPs' than the nurses' rooms for 33% of the patients. For 32% of the patients, a corresponding difference of at least 5 mmHg was seen in diastolic BP. In this alerting WCE group, the mean systolic SBP was 10.8 mmHg (s.d. 14.5) and diastolic SBP 7.0 mmHg (s.d. 5.7) higher in the GPs' than in the nurses' rooms. At the same time, four patients (3%) showed an increase in heart rate of more than 10 bpm in the GPs' rooms compared to the nurses' rooms.
On the contrary, four (3%) patients showed a more than 10 mmHg decrease in systolic BP in the GPs' rooms, and 15 (10%) showed a more than 5 mmHg decrease in diastolic BP. In this relaxing WCE group, the mean decrease in systolic SPB was 4.0 mmHg (s.d. 8.8) and that in diastolic SBP 0.8 mm Hg (s.d. 5.9) in GPs' rooms. Four patients (3%) showed a more than 10 bpm drop in heart rate in the GPs' rooms.
When the GPs and nurses palpated heart rates manually, the number of 'heart beater patients' (with a difference of at least 10 bpm between the GPs' and nurses' rooms) rose up to 15 (10%), of whom 12 were women. Nine of them palpitated due to the presence of a male GP. At the same time, eight patients showed a decreased heart rate in the GPs' rooms without any significant change in BP. There were no significant differences either in systolic or diastolic BP between the six different measuring paths (Figure 1 ) or the readings obtained by male and female GPs.
Discussion
The 'WCE' described by Mancia et al 1,2 was demonstrated in our study also in primary care settings, where the patients were familiar with their GPs and nurses. Furthermore we could demonstrate not only the alerting but also the relaxing reaction in WCE. Like the ancient Italian God Janus, guardian of the gates and doors, represented with two faces, WCE in our study showed two directions, the rise and fall in BP.
The phenomenon was most evident in the GPs' rooms, where the mean systolic BP measured with a sphygmomanometer was 8 mmHg and diastolic 3 mmHg higher than in the nurses' rooms. Before Janus faces of the WCE E Kumpusalo et al the study, every GP-nurse pair was trained carefully in Kuopio University to avoid inter-measurer unreliability. Also, the first measurement was higher than the second by more than 3 mmHg (systolic) and 1 mmHg (diastolic). This fact demonstrates the obvious need for two or more readings in clinical offices.
Technically, 70% of all measurements succeeded perfectly, ie, four systolic and diastolic BP readings with a sphygmomanometer and 10 with an automatic device were obtained during the same visit to the local health centre. Most of the failures occurred in the measurements done by the patients themselves, and the failures concentrated in some health centres due to the inadequate technical competence of the GP-nurse pair. In the best of the six health centres, 94% of all measurements were accomplished perfectly well, whereas in the poorest centre the corresponding figure was 51%. This pilot survey demonstrated the need for careful training of the medical personnel in the use of a new technology. By disabling the screen, we blinded the GP, the nurse and the patient, but lost 30% of the patients from the final analyses. In this way, we avoided the possibility that the GPs, the nurses or the patients could have manipulated the readings.
There were four male and four female GPs in our study. There were no significant differences in the alerting reactions or relaxing reactions of the male and female patients between the male and female GPs. Our result was hence contradictory to the findings of Millar and Accioly 8 concerning the gender interaction between patients and doctors. On the other hand, our results support the finding of Enström et al 5 that the change in heart rate does not correlate with the change in BP in the alerting reaction. There are patients whose heart rate rises when they meet a GP or a nurse and patients whose BP rises on the same occasion, but these phenomena do not take place in the same patients. Four patients out of 10 were using a beta blocker as an antihypertensive agent. This might have attenuated the alarm reactions in some of our patients. Moreover, all the GPs and nurses were experienced professionals and well known by their patients.
As a conclusion, GPs should be aware both of the alerting reaction, which raises the BP of every third hypertensive patient in their offices, and the relaxing reaction, which decreases the BP of patients. Our findings support home BP monitoring. There are, however, patients who are reluctant or unable to carry out self-monitoring of BP at home, and some patients cannot afford to buy an automatic device. For such patients, a self-service room in a local health centre with a possibility for BP monitoring is a recommended service.
